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FILM 

(57)Abstract: 

PURPOSE: To obtain the subject ultra-hard compound film having excellent surface 
hardness, abrasion resistance and sliding property by using one or several kinds of 
elements selected from Ti, N and rare earth elements constituting the ultra-hard 
compound in the form of an ion beam, using the remaining elements in the form of a 
beam of metallic vapor or a gas containing the elements and combinedly irradiating a 
substrate with both beams. 

CONSTITUTION: The following process is an example of the production process. A 
vacuum film-forming chamber 1 is evacuated to 10-Pa with a vacuum pump 2. NH3 gas 
adjusted to 2.0 SCCM by a flow-controller 10 is introduced through a nozzle 1 1 in the 
form of a beam 1 2 and the film-fonning chamber 1 is maintained to 4 x 1 0-4Pa by 
adjusting a pressure control valve 3. A substrate plate 4 (e.g. steel plate) held with a 
holder 5 is heated at 300°C with a heater 14. Ti metal 1 3 in a metal evaporation source 
hearth 6 is melted and evaporated by electron beam heating and radiated to the substrate 
4 in the form of Ti metal vapor 7. At the same time, Dy ion beam 9 generated by an ion 
source and an ion accelerator 8 is irradiated to the substrate 4 to obtain the subject 
compound film containing 0.5-20atom% of the rare earth elements. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the nature compound film of Ti-rare-earth-elements-N system superhard, and its 
formation method, in more detail Metal industry, the tool used by the machine and the process industry, and the component part 
used for various equipments, It is related with the method of fonriing a coating film on a sliding material-list side, and forming the 
nature compound film of Ti-rare-earth-elements-N system superhard and this film which have improved the performance of the 
degree of hardness of a material-list side, abrasion resistance, and a sliding property using the ion mixing method. 
[0002] 

[Description of the Prior Art] Conventionally, as hard and abrasion resistance formed on substrates, such as this kind of metal, 
and a sliding nature coating film, the thin film of compounds, such as Ti-N, Ti-C, etc. which were formed on the substrate of PVD 
or CVD, is known. 

[0003] Although formed by the same method as ****** } the thin film of compounds, such as these Ti-N and Ti-C, is as follows 
as an example of representation of PVD coating among the aforementioned methods, if the case of formation of the Ti-N film to 
the substrate top by the hollow cathode electric discharge (HCD)-ion plating method currently performed more widely than before 
is explained. 

[0004] First, the equipment used for PVD is explained. Drawing 8 shows a HCD ion plating system, a shows a vacuum 
membrane formation room among drawing, and the inside of this vacuum membrane formation room a is connected to vacuum 
pump b. The substrate of the product made from a metallic material mainly by which coating is presented with c, and d Moreover, 
metal evaporation-source Haas, The metal material (here Ti) and f which evaporate e A hollow cathode electron gun, The power 
supply for electric discharge to which g impresses voltage to the hollow cathode electron gun f and metal evaporation-source 
Haas d, the nozzle for which h passes an electron beam and iN2 gas, N2 gas by which a part of j was ionized, and k show the bias 
power supply which impresses voltage to Substrate c. 

[0005] Next, how to carry out covering formation of the coat m of an Ti-N system compound on Substrate c is explained using 
the equipment shown in aforementioned drawing 8 . 

[0006] First, passing Ar gas for electric discharge to the hollow cathode electron gun f, after carrying out evacuation of the inside 
of the vacuum membrane formation room a by vacuum pump b, the direct current voltage of number 10- number 100 V is 
impressed from the power supply g for electric discharge between the hollow cathode electron gun f and Haas d, and it discharges 
among [ f and d ] both. 

[0007] Then, a lot of electron beam h generated by hollow cathode electric discharge within the hollow cathode electron gun f is 
irradiated by metal material [ in metal evaporation- source Haas d ] e (Ti), melting of Ti of the metal material e is carried out by 
heating by the electron impact, and it generates Ti neutral beam (Ti steam) by it. The part comes to be ionized by the shock with 
Ar ion in which this Ti neutral beam (Ti steam) is formed of electron beam h and hollow cathode electric discharge. Since the 
negative direct-current bias voltage of several 10 V is impressed to Substrate c by bias-power-supply k in that case, it is 
accelerated, and with Ti neutral beam (Ti steam), incidence of the ionized Ti ion beam is carried out to Substrate c, and it forms 
Ti film in the front face of Substrate c. 

[0008] AlthoughNnozzle 2 gas is passed simultaneously with irradiation of Ti ion beam and Ti neutral beam from i when forming 
the Ti-N film m on Substrate c, this N2 gas reacts with Ti ion beam and Ti neutral beam which the part is ionized like Ti steam 
and carry out incidence to the front face of Substrate c with N2 neutral beam and which carry out incidence simultaneously there, 
and comes to form the Ti-N film m. 
[0009] 

[Problem(s) to be Solved by the Invention] It is become to about 2200 by the Ti-N film, and has become [ in / the VIKKASU 
degree of hardness (Hv) / as a degree of hardness of the film m on the substrate c formed of PVD or CVD ] about 3700 by the 
Ti-C film. Moreover, considering the adhesion between the formed Ti-N film, between substrates and a Ti-C film, and a 
substrate, the Ti-N film and Ti-C film which were formed are whether it only deposits on the front face of a substrate, or slight 
mixing is performed with the substrate surface layer by the ion bombardment and thermal diffusion by bias. Therefore, the 
adhesion of an Ti-N film, a Ti-C film, and a substrate is not so good. 

[0010] As shown in the ** type view shown in drawing 9 (A), the Ti-N film m has deposited the sample which coated the Ti-N 
film m on Substrate c with equipment conventionally which is shown in drawing 8 bordering on a clear interface on Substrate c. 
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And when friction / sliding partner material is forced to the sample of the drawing 9 (A) **, when [ hard and ] the adhesion of the 
Ti-N film m is small, as the Ti-N film m on Substrate c shows drawing 9 (B), some Ti-N films m exfoliate from the front face of 
Substrate c, and it does not function as abrasion resistance and sliding ***♦. Among drawing 9 (B), n shows friction / sliding 
partner material, and partner material and a film scratch it at the time of actual use, or it is equivalent to the partner material at the 
time of friction and an abrasion test (indenter). 

[001 1] Thus, when coating of the wear-resistant film to the moving part of tool material or a precision mechanical equipment etc. 
and sliding **** is considered, it is necessary to raise the life of a tool and parts, and a performance by improvement of the 
adhesion to the substrate of a coaling film in the meaning which suppresses hard-izing of a coating membrane layer, and ablation 
of a film. 

[0012] The purpose of this invention is to offer the formation method of the nature compound of Ti-rare-earth-elements-N system 
superhard which has a degree of hardness more than the Ti-N film of coating material used conventionally, and a Ti-C film, and a 
sliding property, and the nature compound film excellent in the adhesion to a substrate top of Ti-rare-earth-elements-N system 
superhard. 
[0013] 

[Means for Solving the Problem] This invention persons paid their attention to the atomic radius (single bond radius) indicated by 
the chemical bond theory (revised edition) [polling work, a Masao Koizumi translation, and Kyoritsu shuppan Co., Ltd. May 20, 
1962 amendment 1 ******] } as a result of inquiring wholeheartedly that the aforementioned purpose should be attained. 
[0014] Furthermore, when it states in detail, as for rare earth elements, the atomic radius of the large value is Dy:1.60A and 
Y: 1 .62A as opposed to Ti: 1 .32A compared with transition metals, such as Ti. 

[0015] When rare earth elements are made to replace by Ti site in an Ti-N crystal matrix, the increase in the degree of hardness of 
Ti-X-N (a dissolution element and here, X is rare earth elements) can be expected by grid distortion by existence of an atom with 
a big radius. 

[0016] On the other hand, it is supposed that the Hume Rothery rule [Hume-Rothery's Rule] generally given experientially is 
followed whether an alloying element carries out replaced type dissolution. 

[0017] and the Ti-M system (M - rare earth elements — ) which took electronegativity along the vertical axis and took the atomic 
radius along the horizontal axis drawing (Ln shows a lanthanoids among drawing) showing the DAKEN Gary plot showing a 
transition-metals element [Darken-Gurry's polt] — in detail Dissolution range [ according to drawing 1 ] according [ the circle 
centering on Ti (the atomic radius of Ti is 1 .32A and electronegativity is 1 .4) ] to this Hume Rothery rule (a difference with Ti 
less than ** 1 5% by the atomic radius) It is less than **0.4% in electronegativity, and although the rare earth elements currently 
mentioned as an element included in Ti-N by this invention go into within the limits mostly in electronegativity, they are over the 
range in the direction of + in the atomic radius. Therefore, the knowledge of becoming Ti-X-N the non-balancing compound 
containing such rare earth elements (X expressing rare earth elements), and being able to form the high coating film of a degree of 
hardness was carried out. 

[001 8] The nature compound film of Ti-rare-earth-elements-N system superhard and its formation method of this invention are 
made based on the aforementioned knowledge, and the thin film of the aforementioned hard compound is characterized by to be 
the thin film of the compound carried out 0.5-20 atom % content about rare earth elements into the constituent which consists of 
Ti and N in the thin film which consists of the nature compound of Ti-N system superhard with which the nature compound film 
of Ti-rare-earth-elements-N system superhard was formed on the substrate. 

[001 9] And into the constituent which consists of Ti and N, when a content does not fulfill 0.5 atom %, hardening by dissolution 
is eye an inadequate hatchet, and when a content exceeded 20 atom %, the amount of content **** rare earth elements was made 
into 0.5 to 20 atom %, because the degree of hardness of the compound film obtained was saturated. 

[0020] The formation method of the nature compound film of Ti-rare-earth-elements-N system superhard The high-speed ion 
beam from the steamy metal and the source of an ion beam from a metal evaporation source is irradiated at a substrate. It is the 
ion mixing method make the nature compound film of superhard form on this substrate. One sort or two or more elements are 
made into an ion beam among Ti and N which constitute the nature compound of superhard, and rare earth elements, and it is 
characterized by carrying out compound irradiation of the beam of the gas which contains metallic fumes or these elements for the 
remaining elements at this substrate, and forming the nature compound film of superhard. 
[0021] 

[Function] As compared with Ti, since the atomic radius is large, distortion arises in the crystal lattice of the compound 
compounded by making rare earth elements newly contain in the constituent which consists of Ti and N, and a degree of hardness 
increases rare earth elements to it. 

[0022] By irradiating the high-speed ion beam from an ion beam at a substrate, quenching of the alloy element on a substrate 
front face is carried out from the non-equilibrium excited by the high energy, and a non-balancing compound is compounded. 
[0023] Moreover, by irradiating one or two or more elements to up to a substrate in the form of an ion beam among Ti, N, and 
rare earth elements Cutting of combination [ in the interface portion between a Ti-rare-earth-elements-N compound film and a 
substrate ] of Ti, N, rare earth elements, and a substrate composition element by the ion irradiation shock, A mixing operation of 
knock-on pouring of an atom, a thermal effect, etc. is received, decomposition and reunion are performed, the element of a 
compound film is mutually mixed with a substrate continuously, and the interface mixing layer which connects a substrate and a 
compound film firmly is formed. The adhesion of a substrate and a compound film improves by existence of this interface mixing 
layer. 
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[0024] 

[Example] According to an accompanying drawing, the example of this invention is explained below. 

[0025] Drawing 2 shows one example of the film formation equipment for forming the nature compound film of 

Ti-rare-earth-elements-N system superhard of this invention, one is a vacuum membrane formation room among drawing, and the 

vacuum membrane formation room 1 is connected to the vacuum pump 2 through the pressure regulation bulb 3. Moreover, in the 

metal which 4 coats, the substrate made from ceramics, the substrate electrode holder with which 5 holds a substrate 4, and 6, 

metal evaporation-source Haas and 7 show Ti metal with which as for the ion source and an ion accelerator, and 9 a 

quantity-of-gas-flow regulator and 1 1 evaporate in an ion beam and 1 0, and a gas introduction nozzle and 1 2 evaporate [ Ti 

metallic fumes (neutral beam) and 8 ] a gas beam and 13, and 14 shows the heater for substrate heating. 

[0026] Next, the concrete example of formation of the nature compound film of Ti-rare-earth-elements-N system superhard on a 

substrate is explained with the example of comparison using the aforementioned equipment. 

[0027] In example 1 this example, the substrate 4 was used as steel materials (JIS-SUS-440C, H RC >60) with a diameter [ of 
40mm ] x thickness of 5mm, and the rare earth elements contained in Ti and N were made into the dysprosium (Dy). 
[0028] First, the air in the vacuum membrane formation room 1 was discharged with the vacuum pump 2, and the pressure was 
set as the degree of high vacuum of ten to 5 Pa. And in the vacuum membrane formation room 1 . NH3 gas which adjusted the 
flow rate to 2.0SCCM(s) with the quantity-of-gas-flow regulator 10 was introduced as a gas beam 12 from the gas introduction 
nozzle 1 1 , the opening of the pressure regulation bulb 3 was adjusted, and the pressure in the vacuum membrane formation room 
1 was maintained to 4x10 to 4 Pa. 

[0029] The steel substrate 4 held at the heater 14 for substrate heating at the substrate electrode holder 5 was heated, and it 
maintained at 300 degrees C. In this state, the Ti metal 13 in metal evaporation-source Haas 6 was fused, and was evaporated by 
electron beam heating, and it irradiated on the substrate 4 as ti metallic fumes (neutral beam) 7. 

[0030] The ion beam 9 of the dysprosium (Dy) pulled out from the ion source and the ion accelerator 8 simultaneously with it was 

irradiated on the substrate 4. In addition, the evaporation rate to substrate 4 front face of the Ti metal 13 was carried out in 

2. OA/second. Moreover, energy of the ion beam of a dysprosium (Dy) was made to 30keV(s), and current density was made into 

5.6microA/cm2. 

[003 1] Operation of the aforementioned conditions was continuously performed until the thin film 1 5 of the nature compound of 
Ti-Dy-N system superhard formed on a substrate 4 was set to 1 micrometer (refer to drawing 7 (A)). 

[0032] When the crystal structure of the formed nature compound film of Ti-Dy-N system superhard was investigated by X-ray 
diffraction, it was the polycrystal of the same crystal system (NaCl type) as Ti-N which has a lattice constant near Ti-N. 
[0033] Moreover, the result of the lattice constant of the crystal for which it asked from the X-ray diffraction angle of the NaCl 
type crystal (200) side of the nature compound film of Ti-Dy-N system superhard was shown in drawing 3 as a plot sign A. In 
addition, the atomic ratio of the horizontal axis in drawing 3 was taken as Dy/Ti+Dy calculated by EPMA from film composition. 
[0034] Moreover, the Ti-Dy-N compound took the form ofNy (Ti 1-x, Dyx) n x=Dy/(Ti+Dy) atomic ratio, andy=0.67-1.13 are 
expressed among a formula", and the value (based on a BEGASU rule) of the lattice constant at the time of assuming that it was 
replaced ideal for Ti site under crystal of Dy was shown as a weighted-solidity line G in drawing 3 . 

[0035] Moreover, the VTKKASU degree of hardness (Hv) of the formed nature compound film of Ti-Dy-N system superhard was 
measured by the VTKKASU hardness tester, and the plot sign A showed the result to drawing 4 . In addition, the atomic ratio of 
the horizontal axis in drawing 4 was taken as Dy/Ti+Dy calculated by EPMA from film composition. 
[0036] Moreover, friction and the abrasion test in the inside of the vacuum of the formed nature compound film of Ti-Dy-N 
system superhard were performed, and the measurement result was shown in drawing 5 as a curve H. In addition, friction and an 
abrasion test rotate a test sample, is performed by the examining method which pushes a partner material ball against the 
periphery portion of a fixed distance from the center of rotation and which is generally called a pin-on disc method, and evaluates 
friction / wear property by change of coefficient of friction between the sample-partner material at the time of rotation, and the 
wear degree of the periphery friction truck section: In partner material, phi7mm SUS440C steel (H RC > 60) and the distance 
from the center of rotation made [ the test condition ] 7.25mm and movement linear velocity 9. lm a part for /and 5 14g of forcing 
loads. 

[0037] Moreover, the cross-section configuration of a friction truck when 64 minutes pass after the test start of the friction and the 
abrasion test in the inside of the vacuum of the nature compound film of Ti-Dy-N system superhard was shown in drawing 6 (A) 
as a curve I, and the vertical-axis change state of this curve I was expanded, and this was shown in drawing 6 (B) as a curve J. 
[0038] Except having changed 2.0 - 6.0SCCM and Dy ion current density, and having changed [ the flow rate of example 2 - 
5NH3 gas ] the incidence ratio of Ti, Dy, and N for Ti evaporation rate in the 1.3-3.0A [/second] condition range, the nature 
compound film 1 5 of Ti-Dy-N system superhard was formed on the substrate 4 by the same method [ A/cm / 1 3.0-23.0micro] as 
the aforementioned example 1 , and this was made into examples 2, 3, 4, and 

[0039] the lattice constant of a crystal [ angle / X-ray diffraction / of the NaCl type crystal (200) side of the nature compound film 
of Ti-Dy-N system superhard of each formed example ] - the same method as an example 1 - asking - the result - the plot sign 
B and the example 3 were shown for the example 2, and the plot sign D and the example 5 were shown for the plot sign C and the 
example 4 in drawing 3 as a plot sign E 

[0040] Moreover, the VIKKASU degree of hardness (Hv) of the nature compound film of Ti-Dy-N system superhard of each 
formed example was measured by the same method as an example 1 , the plot sign B was shown for the example 2, and the plot 
sign D and the example 5 were shown [ the result ] for the example 4 in drawing 4 as a plot sign E. 
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[0041] In addition, when each conditions of NH3 quantity of gas flow (SCCM) in examples 1-5, Dy ion current density 

(muA/cm2), and Ti evaporation rate (A/second) are shown, it is as in the following table 1 . 

[0042] 
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[0043] Conventionally which is shown in example of comparison 1 drawing 8 , the Ti-N film m of 1 micrometer of thickness was 
formed using the HCD ion plating system on Substrate (steel materials with a diameter x thickness of 5mm [JIS-SUS-440C, H 
RC >60]) c, from the X-ray diffraction angle of the NaCl type crystal (200) side of the formed Ti-N film m, it asked for the lattice 
constant of a crystal by the same method as an example 1 , and the result was shown in drawing 3 as a plot sign F 
[0044] Moreover, the VIKKASU degree of hardness (Hv) of the formed Ti-N film was measured by the same method as an 
example 1 , and the result was shown in drawing 4 as a plot sign F. 

[0045] Moreover, friction and the abrasion test in the inside of the vacuum of the formed Ti-N film were performed by the same 
method as an example 1 , and the measurement result was shown in drawing 5 as a curve S. Moreover, the cross-section 
configuration of the friction truck at friction and the abrasion test end (test end time is 64 ininutes) time was shown in drawing 6 
(C) as a curve T. 

[0046] about [ the forecast (the weighted-solidity line G of drawing 3 ) of the lattice constant according to the actual measurement 
of the lattice constant of the example of this invention, and a BEGAZU rule so that clearly from drawing 3 , and ] - it turns out 
that I am doing one On the other hand, the lattice constant value of the example 1 of comparison by the conventional method was 
4.24A. 

[0047] Moreover, in the example 1 of comparison, the degree of hardness was as low as 1 800 to a VIKKASU degree of hardness 
(Hv) increasing in this invention example with the increase in the content of Dy in the nature compound of Ti-Dy-N system 
superhard so that clearly from drawing 4 , and a degree of hardness exceeding 4000 at the maximum. Therefore, it understood that 
the degree of hardness of the film obtained by making rare earth elements contain in the constituent which consists of Ti-N may 
be made to increase. 

[0048] Moreover, coefficient of friction shows a low value 0.04 order until it results in friction, and abrasion test time 182 
minutes in this invention example so that clearly from drawing 5 and drawing 6 . And most wear on the front face of a sample is 
not observed, but there is about 500-1000A of dry areas on the front face of a sample like drawing 6 (B). Compared with 1 
micrometer (10000 A) of thickness of the nature compound film of Ti-Dy-N system superhard, are small. In the example 1 of 
comparison, coefficient of friction is as larger as 0.6 to having not worn most substrates out than friction and the early stages of an 
abrasion test. It does not obtain, and a big change accepts to coefficient of friction in 47 minutes after a test start — having — test 
time 64 minutes - an examination - not stopping - And as for the example 1 of comparison, signs that the Ti-N compound film 
did not exist in a friction truck, but a substrate was deep and it had received wear in it in test time 64 minutes were observed so 
that clearly [ in drawing 6 (C) ] . Therefore, in this invention example, it turns out that the film obtained by making rare earth 
elements contain in the constituent which consists of Ti-N is excellent in abrasion resistance. 

[0049] It turns out that the nature compound film of Ti-Dy-N system superhard created in this invention example as mentioned 
above is equipped with the antifriction and abrasiveness which the smooth friction and sliding surface were obtained by the 
peeling resistance resulting from the high degree of hardness of the film itself, and the high adhesion to a substrate, and was 
excellent. 

[0050] This is connected with drawing 7 [the ** type view of the substrate 4 of an Ti-Dy-N coating sample and the Ti-Dy-N 
compound film 15 with which drawing 7 (A) was created in the example 1, and the ** type view showing the state where drawing 
7 (B) forced friction / wear partner material 17 on the Ti-Dy-N compound film 1 5], and is described. 

[0051] The interface of a substrate 4 and the nature compound film 15 of Ti-Dy-N system superhard understands signs that the 
interface mixing layer 16 which the element of the nature compound film 15 of Ti-Dy-N system superhard is continuously mixed 
with a substrate 4 mutually, and connects firmly a substrate 4 and the nature compound film 1 5 of Ti-Dy-N system superhard 
according to the mixing effect by ion irradiation is formed so that clearly from drawing 7 (A). 

[0052] Moreover, the nature compound film 1 5 of Ti-Dy-N system superhard which was formed on the substrate 4 unlike the 
conventional Ti-N compound film of drawing 9 (B) so that clearly from drawing 7 (B) is hard. And since the adhesion of the film 
to a substrate is large, even if friction / wear partner material 1 7 is strongly forced on the nature compound film 1 5 of Ti-Dy-N 
system superhard, the nature compound film 1 5 of Ti-Dy-N system superhard does not exfoliate from a substrate 4. It turns out 
that the flat nature of the nature compound film of Ti-Dy-N system superhard is maintained, and it excels in abrasion resistance 
and sliding nature. 
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[0053] Although Dy was used as rare earth elements made to contain in the aforementioned example, this invention is not limited 
to this and you may make it make rare earth elements, such as an yttrium (Y), a lanthanum (La), neodymium (Nd), and a 
gadolinium (Gd), contain. 

[0054] Moreover, although Dy+ was used as an ion beam which irradiates a substrate among the aforementioned example and 
NH3 beam was used as Ti gas and a gas (molecule) beam as a neutral beam this invention is not what is limited to this, as an ion 
beam Ti+, As N+, N2+, rare-earth-elements ion, and a neutral beam, rare earth elements, such as Dy, In case TiC14, TiBr4, TiI4, 
and N2 gas are mentioned as N atom or N radical beam, and a gas beam and a substrate is irradiated, it is independent, 
respectively. Or you may make it irradiate with the compound beam combined with any of the aforementioned ion beam, the 
aforementioned neutral beam, or the aforementioned gas beam they are with two or more mixed beams if needed. 
[0055] 

[Effect of the Invention] Thus, when based on the nature compound film of Ti-rare-earth-elements-N system superhard of this 
invention While distortion arises in a crystal lattice, it becomes Ti-rare-earth-elements-N a non-balancing compound and a degree 
of hardness increases as compared with the conventional Ti-N system compound film by the big rare earth elements of the atomic 
radius contained in the constituent which consists of Ti and N Since it has the adhesion which was excellent to the substrate, the 
substrate in which this nature compound film of superhard was formed has effects, such as excelling in the friction sliding and 
abrasion resistance. 

[0056] Moreover, when based on the formation method of the nature compound film of Ti-rare-earth-elements-N system 
superhard of this invention Since some of Ti and N which constitute the nature compound of superhard, and rare earth elements 
were irradiated and supplied on the substrate in the form of an ion beam KUENCHI [ the compound element formed on a 
substrate / equilibrium / non-/ which was excited by the high energy ] Can compound Ti-rare-earth-elements-N of a 
non-balancing compound on a substrate, and it sets into the interface portion of a Ti-rare-earth-elements-N compound film and a 
substrate by the ion beam. Intense mixing arises between a film composition element and a substrate composition element, and a 
film composition element and a substrate composition element are mutually mixed with this compound film continuously in the 
interface portion of a substrate by this mixing. Since the interface mixing layer which connects both firmly is formed, as compared 
with a conventional method, a degree of hardness is high and it is effective in the ability to offer the method of forming very easily 
the nature compound film of superhard which was excellent in adhesion to the substrate on a substrate. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** snows m e word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The DAKEN Gary plot view of an Ti-M (M expresses rare-earth-elements and transition-metals element) system, 
[Drawing 2] Outline explanatory drawing of one example of the equipment for fonriing the nature compound film of 
Ti-rare-earth-elements-N system superhard of this invention, 

[Drawing 3] The weighted-solidity view showing the relation of the membranous atomic ratio (Dy/Ti+Dy) and lattice constant 
which were formed in this invention example and the example of comparison, 

[Drawing 41 The weighted-solidity view showing the membranous atomic ratio (Dy/Ti+Dy) and the relation of a VIKKASU 
degree of hardness which were formed in this invention example and the example of comparison, 

[Drawing 51 The ultimate-lines view showing the relation of the test time of the pin-on disk friction test of a film sample and 
coefficient of friction which were formed in this invention example and the example of comparison, 

[Drawing 6] It is the cross section of friction / wear truck of the friction test sample after the same time progress at the time of the 
pin-on disk friction test of the film sample formed in this invention example and the example of comparison, and, for (A) and (B), 
this invention example and (C) are an example of comparison. 

[Drawing 71 It is the film and the ** type view of a substrate which were formed in this invention example, and (A) forces the ** 
type view after film formation against a film, (B) forces partner material, and it is a ** type view at the time of friction / sliding 
state. 

[Drawing 81 Outline explanatory drawing of the equipment for forming the conventional Ti-N system compound film, 
[Drawing 91 It is the film and the ** type view of a substrate which were formed with conventional-method equipment, and (A) 
forces the ** type view after film formation against a film, (B) forces partner material, and it is a ** type view at the time of 
friction / sliding state. 
Pescription of Notations] 

1 Vacuum membrane formation room 4 A substrate, 6 Metal evaporation-source Haas 7 Ti metallic fumes (neutral beam), 8 The 
ion source and ion accelerator 9 An ion beam, 10 Gas introduction nozzle 1 1 A gas beam, 12 Gas beam 13 Ti metal, 15 
Ti-rare-earth-elements-N system compound film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the nature compound film of Ti-rare-earth-elements-N system superhard characterized by being the thin film of the 
compound carried out 0.5-20 atom % content about rare earth elements in the constituent with which the thin film of the 
aforementioned hard compound consists of Ti and N in the thin film which consists of the nature compound of Ti-N system 
superhard formed on the substrate. 

[Claim 2] The high-speed ion beam from the steamy metal and the source of an ion beam from a metal evaporation source is 
irradiated at a substrate. It is the ion mixing method make the nature compound film of superhard form on this substrate. One sort 
or two or more elements are made into an ion beam among Ti and N which constitute the nature compound of superhard, and rare 
earth elements. The formation method of the nature compound film of Ti-rare-earth-elements-N system superhard characterized 
by carrying out compound irradiation of the beam of the gas which contains metallic fumes or these elements for the remaining 
elements at this substrate, and forming the nature compound film of superhard. 
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